Seven isolates of Polymyxa betae with a different host range were compared with respect to their association with beet necrotic yellow vein virus (BNYVV). When 14 species of plants were inoculated with the fungus isolates under greenhouse conditions, transmission of BNYVV was related to the fungal isolates from sugar beet, spinach and Chenopodium murale which were infective to sugar beet. But the isolates from C. album, Amaranthus re troflexus and Portulaca oleracea which were not infective to sugar beet did not carry the virus. Viruliferous sugar beet isolates became virus-free after being propagated in the roots of C. ficifolium. When these virus-free resting spores were propagated in the roots of sugar beet infected with BNYVV by manual inoculation, the fungus again acquired and transmitted the virus to healthy plants. Infectivity of BNYVV was maintained together with the survival of P. betae in air-dry and moist soil for fifteen years. The virus infectivity was also retained in zoospores of P. betae treated with BNYVV antiserum and resting spores treated with virus antiserum, HCl or NaOH. In ultrathin sections of sugar beet rootlets infected with the viruliferous sugar beet isolate of P. betae, the virus particles were usually encountered in the cytoplasm in contact with the outer plasmodial wall of the infected cells, and were also present in the vacuoles and the protoplasm of immature zoospores of the fungus. No virus particles were observed in resting spores. The virus, however, was de tected by ELISA in the extracts of viruliferous resting spore clusters isolated from root tissues. From these results, it is concluded that BNYVV transmission is depending on strains of P. betae and the plant species which the fungus proliferates. It is suggested that BNYVV remains in P. betae for a long period of time but does not multiply in the fungus.
Introduction
Beet Necrotic Yellow Vein Virus (BNYVV), which causes the rhizomania disease of sugar beet, was first observed in Japan by Tamada and Baba (1973) 22) , and is now being reported from many European countries7, 11, 12, 14, 17, 19, 27) , USA4,6) and China9).
BNYVV is transmitted by the Plasmodiophoromycetes fungus, Polymyxa betae Keskin in a persistent manner8, 21, 24) . The virus particles are harboured in zoospores and sur vive for many years in dormant resting spores, as in the case of the association between
Olpidium brassicae and lettuce big-vein virus5,26) or tobacco stunt virus13), and Polymyxa graminis and soil-borne wheat mosaic virus20) or barley yellow mosaic virus15). However, little is known about the mechanism of virus transmission by the fungus vector. An * Hokkaido Central Agricultural Experiment Station , Naganuma, Hokkaido 069-13, Japan The seeds of plants were sown in the fungus-inoculated soils placed in clay pots, or healthy seedlings were transplanted to the pots containing the inoculated soils. Zoo spores inoculation was done by adding zoospores to the steamed soils in which healthy seedlings were grown. As described by Tamada and Baba22), the virus inoculum was prepared by triturating BNYVV-infected leaves in 0.1M phosphate buffer (pH 7.0) containing 1% 2-mercaptoethanol with a mortar and pestle. Virus inoculation was made by rubbing inoculum onto leaves of sugar beet seedlings. Systemically infected plants were used for acquisition of the virus by non-viruliferous P. betae. The plants were grown in a greenhouse at 20-25C. In most experiments two to four pots per one treat ment were used and these tests were repeated two to four times. Electron microscopy. Ultrathin sections of P. betae were prepared for electron microscopy as follows; fragments of rootlets 1 to 2mm long containing various stages of P. betae were pre-fixed with 6% glutaraldehyde in 0.2M phosphate buffer (pH 6.8)
at 4C for 4hr, followed by washing in three changes of the same buffer at least for 1 hr and post-fixed with 2% osmic acid in the same buffer at 4C for 20hr. This was followed by rinsing in buffer and dehydration in a graded acetone series. The tissues
were then transferred to a 3:1 mixture of propylene oxide and low viscosity Spurr's resin. After propylene oxide was evaporated, the resin was polymerized in capsules at 70C for 8hr. Ultrathin sections were cut with a glass knife on an ultra microtome sugar beet, Swiss chard, spinach, Chenopodium murale, C. capitatum and C. ficifolium but not C. quinoa and C. album, and BNYVV was detected in the roots of these fungal in fected plants. The spinach isolate (SO-T-19841) and the C. murale isolate (CM-T 19842) infected 8 test plants of Chenopodiaceae, and the virus was detected in six plants except for C. quinoa and C. album. The C. ficifolium isolate (CF-T-19849) also infected 8 Chenopodiaceae plants tested, but the virus was not detected in any of them. The C. album isolate (TNS-F-198555) infected six species of plants tested belonging to Chenopodiaceae except for sugar beet and swiss chard, but the virus was not detected in these plants.
P. betae f. sp. amaranthi (TNS-F-198556) from Amaranthus retroflexus and P. betae f.
sp. portulacae (TNS-F-198553) from Portulaca oleracea infected only 2 species of plants in the Amaranthaceae and Portulacaceae, respectively, but in each case the virus was not detected in the host plants. murale, C. capitatum and C. ficifolium which inoculated with BNYVV by the fungus ap peared no symptoms on leaves, but caused severe necrosis in rootlets of these plants. All the plants infected with only P. betae showed no symptoms or slight root necrosis.
Based on the results of this experiment, it is concluded that transmission ability of BNYVV by P. betae differs in the isolates or formae speciales of the fungus, and the virus is maintained in P. betae obtained from sugar beet, spinach, C. murale and C. capi tatum.
Lost of BNYVV infectivity in 3 viruliferous isolates of P. betae
Three viruliferous isolates of P. betae obtained from sugar beet, spinach and C.
murale, were first inoculated to healthy sugar beet and C. ficifolium. These isolates in fected both sugar beet and C. ficifolium, and the virus was detected in rootlets of these plants by ELISA (Table 2) . However, when healthy sugar beet seedlings were inoculated by the fungal isolates propagated in C. ficifolium plants by soil inoculation, the virus was not detected in any of the sugar beet plants, though P. betae was found to infect these plants.
These results indicate that viruliferous zoospores of 3 isolates did not carry the virus after they were proliferated in C. ficifolium.
For the acquisition of BNYVV by P. betae which had become from viruliferous (TNS F-198554 and T-1-100 isolates) to non-viruliferous after being propagated in the roots of C. ficifolium, a large number of resting spore clusters of each isolate was inoculated to the roots of sugar beet plant which had been systemically infected with the virus by Table 2 . Transmission of BNYVV by three P. betae isolates propagated on sugar beet and C. ficifolium a) Each isolate was inoculated to sugar beet and C. ficifolium through soil in first inoculation. b) Two months after 1st inoculation, each isolate propagated on sugar beet and C. fici -folium was again inoculated to sugar beet through soil. c) P. betae was observed by a light microscope in rootlets of test plants, BNYVV Table  3 . Acquisition and transmission of BNYVV by non-viruliferous sugar beet isolates of P. betae from plants infected with only the virus a) BNYVV was inoculated by manual inoculation of sap to leaves of sugar beet seedlings. b) Pf-9 and Pf-115 were obtained from viruliferous sugar beet isolates of P. betae, TNS -F-198554 and T-1-100, respectively.
They were changed from viruliferous to non -viruliferous after being grown on C. ficifolium. Resting spores of these isolates were inoculated through soil to sugar beets. c) BNYVV was inoculated by manual inoculation of sap to leaves of young seedlings, and 2 months later, non-viruliferous P. betae was inoculated to roots of systemically virus-infected plants. d) BNYVV infection was examined by ELISA. (Table 4) . In order to confirm the presence of BNYVV in resting spores, different numbers of the clusters were pulverized in a small analyzer tube and then these extracts were examined by ELISA. About 500 and 1000 clusters of a non viruliferous isolate (Pf-9) containing rootlets tissues were used as control. The absor bance values showed that the concentration of BNYVV increased with the increase of the number of viruliferous P. betae clusters ( Table 5) . The values did not decrease even if the clusters were treated with a solution of 1 N HCl.
Discussion
It had been reported elsewhere that seven isolates of P. betae with a different host range were recovered from rhizomania-infested sugar beet fields in Hokkaido. Based on the host range, these 7 isolates were grouped to 4 strains: sugar beet strain, C.
album strain, P. betae f. sp. amaranthi and P. betae f. sp. portulacae. Isolates from spinach, C. murale and C. ficifolium were included to sugar beet and C. album strains3).
In the present study, it was found that 3 isolates of P. batae infective to sugar beet were acted as a vector of BNYVV, whereas the C. album isolates, P. betae f. sp. amaranthi and P. betae f. sp. portulacae which were not infective to sugar beet were not able to transmit BNYVV. The transmission ability of BNYVV by P. betae varied with the iso lates of P. betae and their host plants. Therefore, it is unlikely that wild plant species such as C. album, A. retroflexus and P. oleracea would become a natural field reservoir for the virus. This evidence was also supported by the former experiment2) showing that the severity of the rhizomania disease was not increased when sugar beets were grown in rhizomania-infested soils in which C. ficifolium, C. album, A. retroflexus and P. oleracea had been continuously cultivated for three years.
It was shown that zoospores released from roots of C. ficifolium which were in oculated with viruliferous sugar beet isolates, could not transmit the virus. But when these non-viruliferous isolates were reinoculated to the roots of sugar beets infected with BNYVV, the fungus reacquired and transmitted the virus to healthy plants. This phenomenon is similar to the change of viruliferous Olpidium brassicae isolates infected with lettuce big-vein virus to non-viruliferous ones after they grew on Plantago major or Veronica persica26) or sugar beet5). In this case, however, these three plants were presumably not susceptible to lettuce big-vein virus, whereas BNYVV can multiply in roots of C. ficifolium by soil inoculation with P. betae. Nevertheless, P. betae was not able to acquire the virus from C. ficifolium.
It remains to be determined why the vector which was viruliferous becomes non-viruliferous, in spite of the fact that the host plant is susceptible to both virus and vector. Such evidence that viruliferous P. betae became easily virus-free after multiplication in C. ficifolium is supported that BNYVV does not multiply in the fungus. However, it was shown that BNYVV is strongly maintained within P. betae, because the infectivity of the virus was retained in, BNYVV was also detected by ELISA in the extracts of resting spore clusters of a viruliferous P. betae. However, the virus particles could not be detected in the resting spores by electron microscopy, though they were found in the vacuoles and the pro toplasm of the zoospores of the fungus. This phenomenon may be ascribed to the fact that it may be difficult to identify the virus particles because they may adhere to the inside of cell walls of resting spores, and/or the number of the particles in the resting spores may be too small. 
